Abstract: Background: Febrile neutropenia (FN) is an oncologic emergency which should be treated immediately with empiric antibiotics. Different institutions observe different antibiograms and use different FN management guidelines. Our center implemented FN management guidelines for adult cancer patients in 2009. Hence, we decided to assess compliance with FN management guidelines and to describe the pattern of bacterial infections. Method: We conducted a cross-sectional study on all adult cancer patients admitted with FN. Data were collected from electronic medical records between January and December 2014. Results: One hundred FN episodes met the study inclusion criteria. The mean age of the patients was 41 ± 17 years; 52% (52 patients) were women. The most common diagnosis was lymphoma (33%). In terms of compliance to institutional FN guidelines, 55% of patients received guideline non-compliant treatment. The most common non-compliant treatment was incorrect amikacin dosing in 31% of patients, followed by incorrect vancomycin dosing in 20%, incorrect piperacillin/tazobactam dosing in 19%, inappropriate use of carbapenems in 18%, and non-compliant vancomycin use in 12% of patients. Bacterial isolates were only observed in 19% of the FN episodes. Among these 19 episodes of FN, Gram-negative pathogens were predominant and were identified in 74% of the episodes, followed by Gram-positive pathogens in 16% and polymicrobial pathogens in 10%. The mean time to defervescence was 2.21 ± 2 days. Conclusion: Our study concluded that there was a high percentage of non-compliance with our institutional FN management guidelines. We recommend following appropriate empiric antibiotic doses and indications as per institutional guidelines.
Introduction
Patients receiving chemotherapy frequently developed periods of neutropenia that might be complicated by fever. This fever may be the only alarming indicator of an infectious process happening due to the impaired signs and symptoms of inflammation. During neutropenic phase, health care providers must be extremely cautious about the risk of infections, diagnostic tools and the empirical antimicrobial choices to adequately cover the patient throughout the neutropenic period [1, 2] .
Fever is defined as a single oral temperature measurement ≥38.3 • C (101 • F) or a temperature ≥38.0 • C (100.4 • F) persistent over a 1-h period. While, neutropenia is defined as an Absolute Neutrophil Count [ANC] <500 cells/mm 3 , or an ANC anticipated decrease to <500 cells/mm 3 in the next 48 h [1, 2] .
Fever occurs frequently during chemotherapy-induced neutropenia. Patients receiving chemotherapy for one or more cycles have developed febrile neutropenia in >80% of those with patients diagnosed with hematologic malignancies and 10-50% of patients with solid tumors [3] . Most patients with FN will have an unidentified focus of infection. The chance of clinically documented infections seen only in 20-30% of febrile episodes, and the most common sites of infection involve the intestine, lung, and skin [1, 2] .
While individuals with cancer experience many side effects from treatment, infection is the most common complication. Neutropenia is a major risk factor for the development of several types of infections. Although bacteremia is documented in only 15% to 20% of neutropenic patients, it represents a major cause of death in febrile neutropenic patients. The risk of infection is significantly linked to the grade and duration of neutropenia [4] .
Defervescence is defined as a reduction in orally measured body temperature to <38 • C that is sustained over at least 48 h [5] . Many studies have suggested that the time to defervescence in febrile neutropenic patients is 2-7 days with a median of 5 days [6] .
In 2009, King Abdulaziz Medical City-Western Region (KAMC-WR) created and implemented febrile neutropenia (FN) management guidelines, and a clinical pathway for adult patients to reduce FN patient morbidity and mortality. These guidelines were adapted from the Infectious Diseases Society of America (IDSA) guidelines for the use of antimicrobial agents in cancer patients with febrile neutropenia which were firstly published in 2002 and were later changed according to the updated IDSA 2010 clinical practice guidelines [7] .
The purpose of the guidelines was to provide evidence-based treatment and optimal care for FN patients and to reduce the emergence of antibacterial resistance in the KAMC-WR hematology/oncology population. Our institutional antibiogram in 2012 showed 30-40% Gram-negative resistance to β-lactams. A rapid increase in Gram-negative pathogen resistance to the standard antibiotics used as empirical therapy for FN drove the assessment of compliance with our empiric antibiotic therapy recommendations for FN outlined in the KAMC-WR FN guidelines [7] .
According to our KAMC-WR adult FN clinical pathway, antibiotics should be initiated as soon as possible following blood cultures; either dual therapy (piperacillin/tazobactam and amikacin) for 3 days with a reevaluation after 3 days or triple therapy (piperacillin/tazobactam, amikacin and vancomycin). In the case of penicillin allergy, ciprofloxacin, amikacin and vancomycin can be initiated [7] (See Table 1 ). Dual therapy rather than monotherapy is suggested because of the 15-30% Gram-negative resistance to β-lactams at our institutions. The use of ceftazidime is discouraged because it is associated with breakthrough Gram-negative resistant infection. Imipenem/meropenem should be avoided as initial therapy because of the risk of Clostridium difficile and Stenotrophomonas infection, unless the patient is hemodynamically unstable or the patient has a history of Extended Spectrum Beta-Lactamase (ESBL).
Different institutions have different antibiograms, leading to different microbiological infection patterns in FN patients. We performed an extensive literature search and found no published studies addressing compliance with empirical antibiotics guidelines and bacterial infection patterns in FN patients in Saudi Arabia, prompting us to assess compliance levels during FN patient treatment.
Primary Objective
The objective of the study was to assess compliance with institutional guidelines during FN management.
Secondary Objectives

•
To describe the pattern of bacterial infections among patients with FN at our institution.
Determine the microbiological sensitivity of the bacterial isolates.
• Identify time to defervescence in FN patients.
Method
Inclusion Criteria
All adult cancer patients (age > 14 years) hospitalized with febrile neutropenia between January 2013 and December 2014 were included.
Exclusion Criteria:
• Age < 14 years • FN but were not enrolled in the FN clinical pathway at the time of admission
Study Design
In this retrospective cross-sectional study, data were collected from the FN clinical pathway and electronic medical records for all febrile neutropenic episodes in cancer patients admitted during the 1-year period from January 2014 to December 2014 at KAMC-WR.
This study was conducted at King Abdulaziz Medical City, a 500-bed tertiary care teaching medical center treating the largest number of adult and pediatric cancer patients in the western region.
Patients with fever and neutropenia were hospitalized mainly in the Emergency Room (ER) or oncology/hematology wards. Our retrospective study included patients who had begun the FN clinical pathway and received empirical antibiotics. An empirical therapy for febrile neutropenia included dual therapy with piperacillin/tazobactam and amikacin or triple therapy with piperacillin/tazobactam, amikacin and vancomycin as per our institutional FN guidelines.
KAMC-WR empirical therapy guidelines were considered complied with if the below empirical antibiotics and doses were used: 
Sample Size
All of the patients hospitalized with FN that began the FN pathway when admitted to our oncology center at KAMC-WR during the period of January 2014 until December 2014 and that fulfilled the inclusion criteria were included.
Data Management and Analysis Plan
Descriptive statistics (percentages and proportions) were used to assess compliance with institutional guidelines for FN management regarding empirical antibiotic therapy and the pattern of bacterial infection.
Results
One hundred febrile neutropenic episodes were identified that met the study inclusion criteria. The mean age of the study population was 41 ± 17 years; 52% (52 episodes) were women, and 48% (48 episodes) were men. Lymphoma was the most common diagnosis in 33 patients (33%), followed by acute leukemia in 34 patients (34%) and breast cancer in four patients (4%); 29 patients (29%) had other tumors diagnose. The baseline characteristics of the study patients are described in Table 2 . Compliance with the institutional FN management guidelines regarding the use of empirical antibiotic management in FN patients was 45% compared with 55% of patients that received non-compliant treatment. The most common non-compliance was incorrect amikacin dosing 31%, followed by incorrect vancomycin dosing 20%. Furthermore, incorrect piperacillin/tazobactam dosing was observed in 19% of cases, inappropriate use of carbapenem in 18% of cases, and the inappropriate use of vancomycin in 12% of cases. Bacterial isolates were only found in 19% of episodes and were predominantly Gram-negative pathogens (16% of episodes), whereas Gram-positive bacterial isolates were observed in 4% of episodes. Among the 19 cases of FN in which bacterial isolates were identified, Gram-negative pathogens were identified in 74% (16 episodes), followed by Gram-positive bacterial isolates in 16% (3 episodes) and polymicrobial pathogens in 10% of episodes. Among the Gram-negative bacteria, Escherichia coli was the most common pathogen with six isolates: four of the six isolates were ESBL, and two isolates were sensitive to penicillin. Three isolates of Klebsiella pneumonia were identified, one of which was ESBL, and the remaining two were sensitive to penicillin. Three isolates of Pseudomonas aeruginosa were observed, and all of them were sensitive to ceftazidime and piperacillin/tazobactam. Three isolates of Salmonella were sensitive to ceftriaxone, and two of the three isolates were resistant to ciprofloxacin. Two isolates of Acinetobacter baumannii were identified, one of which was resistant to imipenem, and both isolates were sensitive to colistin. Five isolates of Gram-positive bacteria were identified, specifically two isolates of Enterococcus species sensitive to ampicillin, one isolate of Micrococcus luteus that was sensitive to piperacillin/tazobactam, coagulase-negative Staphylococcus aureus sensitive to vancomycin, and methicillin-sensitive Staphylococcus aureus. The mean time to defervescence in FN patients was 2.21 ± 2 days. 
Discussion
FN is a medical emergency, and patients suspected to have an FN infection should be treated with empiric, broad-spectrum antibiotics immediately after collecting a culture sample. Patients are stratified based on the risk level to low risk and high risk during the FN phase directing all recommendations with regard to evaluation, therapy selection, treatment settings, and prophylaxis [8] . "High risk patients necessitate hospital admission for empirical intravenous antimicrobials; monotherapy with an antipseudomonal β-lactam agent, piperacillin-tazobactam, cefepime, meropenem or imipenem-cilastatin is recommended as per the updated IDSA clinical practice guidelines for the use of antimicrobial agents in neutropenic patients with cancer. Other agents such as aminoglycosides or fluoroquinolones can be added empirically to target a suspected source (e.g., pneumonia or urinary tract infection), for hemodynamic instability (sepsis and hypotension) or if antimicrobial resistance (e.g., ESBL) is suspected or confirmed [1] . Medications active against Gram-positive cocci such as vancomycin or other agents is not recommended as a standard component of the initial antimicrobial regimen to treat FN. Those broad-spectrum antibiotics must be used only in particular situation like suspected catheter-related infection, skin or soft tissue infections, hemodynamic instability or pneumonia documented radiographically [1, 2] .
During the past 4 decades, considerable fluctuation has occurred in the epidemiologic spectrum of bloodstream isolates cultured from FN patients. Early in the development of cytotoxic chemotherapy in the 1960s and 1970s, Gram-negative pathogens were predominated [9] . Then, in the 1980s and 1990s, Gram-positive pathogens became more common due to the increased use of indwelling plastic venous catheters, which allow for colonization by and entry of Gram-positive skin flora [9] . Currently, coagulase-negative staphylococci are the predominant blood isolates at most centers; then enterobacteriaceae (e.g., Enterobacter species, Escherichia coli and Klebsiella species) and nonfermenting gram-negative rods (e.g., Pseudomonas aeruginosa and Stenotrophomonas species) are isolated less common [10] [11] [12] .
We present data on FN management in adult cancer patients at a single oncology center in Saudi Arabia over one year. The study population primarily included cancer patients with solid tumors. Among the bacterial isolates, Gram-negative bacteria were most abundant. In contrast to findings at other centers that demonstrated a shift toward Gram-positive infection during the same period, E. coli, P. aeruginosa and K. pneumonia were the most common bloodstream isolates in our center. The identification of a specific gap between the institutional guidelines for FN management and current practice will facilitate updating currently available hospital guidelines. According to our research, we need to adjust the FN pathway depending on recent hospital antibiograms and microbial sensitivity, because our cancer center must monitor infection epidemiology among neutropenic cancer patients to guide empiric antibiotic treatment and decisions regarding antibiotic prophylaxis. We recommend providing clear instruction for dosing, especially for amikacin dosing, using ideal body weight and implementing education sessions for physicians and pharmacists regarding dose calculations. The limitation of our study is that it was retrospective study and conducted only in single cancer center.
Conclusions
Our retrospective study concludes that there is significant non-compliance with FN management guidelines regarding the use of empirical antibiotics. We recommend following the appropriate dose of empirical antibiotics, such as amikacin, vancomycin and piperacillin/tazobactam, and abiding by the appropriate indications for the use of carbapenems and vancomycin as per institutional guidelines. 
